Objective To examine whether maternal depressive symptoms: (a) predicted the level of maternal involvement in diabetes management tasks across adolescence; and (b) moderated associations of involvement with adolescent adherence, metabolic control, and depression. Methods Eighty-two youth aged 10-15 years with type 1 diabetes and their mothers completed measures at baseline and 16 months later. Participants rated maternal involvement in diabetes tasks, adherence, and depressive symptoms; metabolic control was indexed from medical records. Results Maternal depressive symptoms were associated with higher involvement at baseline, and slower declines in involvement across time. At baseline, involvement was associated with lower adolescent depression and better metabolic control, but this association was stronger when mothers reported fewer depressive symptoms. Interactions of maternal depression with involvement across time suggested maternal involvement was associated with better subsequent adherence primarily when mothers reported fewer depressive symptoms. Conclusions Mothers' depressive symptoms may undermine her care-giving effectiveness during adolescence.
Introduction
Parenting an adolescent with type 1 diabetes poses unique challenges that may be difficult to meet when parents experience symptoms of depression. Type 1 diabetes is a serious illness that has a complex and demanding treatment regimen, where patients coordinate multiple daily behaviors (i.e., insulin injections, blood glucose monitoring, diet, exercise) in order to normalize blood glucose levels. Adolescence is a difficult time for diabetes management, partially because this is when responsibility for diabetes care is transferred from parent to child (Anderson, Ho, Brackett, & Laffel, 1997; Wysocki, et al., 1996) . If parents' instrumental involvement declines prematurely, diabetes management may be impaired (Palmer et al., 2004; Wysocki et al., 1996) . If it does not decline, however, adolescents may not develop independent diabetes skills, or may experience parents' involvement as excessive or intrusive. Navigating the sometimes conflicting developmental and health needs of a teen with diabetes requires flexible and sensitive parenting skills, which may be compromised when parents experience depressive symptoms. The present study examined how symptoms of maternal depression were associated with age-related changes in mothers' instrumental involvement in diabetes management across adolescence.
Mothers' depressive symptoms may relate to involvement in her adolescent's diabetes care in complex ways. Depressed mothers may be less involved given the low energy, social withdrawal, and hostile parenting that accompany depression (Gelfand & Teti, 1990) .
Mothers with depressive symptoms may thus initiate less active involvement in diabetes, and her adolescent may be less likely to seek her out as a resource. There are also reasons to expect depressed mothers to be more involved and slower to transfer diabetes responsibilities to her adolescent. Depressed mothers tend to choose parenting strategies that require less cognitive effort than do controls (Kochanska, Kuczynski, Radke-Yarrow, & Welsh, 1987) . Depressed mothers may thus continue to assume responsibility for diabetes tasks, rather than to engage in the more complex task of renegotiating responsibilities and scaffolding her adolescent toward better management. Mothers with more depressive symptoms also have lower confidence in the adolescent's ability to manage diabetes (Butler et al., 2009 ). This association, coupled with the anxiety and rumination that often accompany depression (Nolen-Hoeksema, 2000) , may heighten maternal involvement by prompting excessive worries about diabetes symptom management.
Few studies have examined associations between maternal depression and levels of instrumental involvement in diabetes during adolescence. Jaser et al. (Jaser, Whittemore, Ambrosino, Lindemann, & Grey, 2008) found maternal depression was unrelated to measures of parental responsibility for diabetes tasks among 8-to 12-year-olds, but no study has examined this association among adolescents more broadly. Maternal anxiety, which has similar characteristics to depression (e.g., pervasive distress symptoms; Watson, 2009) , was associated with heightened parental responsibility for adolescents' diabetes care tasks (Cameron, Young, & Wiebe, 2007) , and maternal depressive symptoms were associated with more care-giving intentions in response to vignettes of sick children (Scalzo, Williams, & Holmbeck, 2005) . One aim of the current study was to explore whether maternal depressive symptoms were associated with levels of maternal responsibility for diabetes care tasks across adolescence.
Although parents' instrumental involvement in diabetes care has generally been associated with better diabetes outcomes during adolescence (Anderson et al., 1997; Palmer et al., 2004) , the benefit of such involvement is likely to be compromised when mothers are more depressed. Symptoms of maternal depression place children at risk for a host of psychosocial difficulties (Downey & Coyne, 1990; Gelfand & Teti, 1990; Goodman & Gotlib, 1999) and are associated with poorer psychosocial adjustment among youth with diabetes (Eckshtain, Ellis, Kolmadin, & Naar-King, 2010; Jaser et al., 2008; Kovacs, Goldson, Obrosky, & Bonar, 1997) . Associations with physical functioning are less commonly studied, but maternal depression has also been associated with poorer illness management among adolescents with diabetes (Eckshtain et al., 2010) . Such associations may occur because depressed mothers engage in more negative and intrusive parenting (Gelfand & Teti, 1990; Goodman & Gotlib, 1999; Jaser & Grey, 2010) , which are related to poorer diabetes management and higher depression among youth with diabetes Jaser & Grey, 2010; Wiebe et al., 2005) . Exposure to the risks of negative parenting may be higher when mothers are more involved caregivers. Depressive symptoms may also undermine mothers' ability to be involved in a way that is most beneficial for adolescents with diabetes. Adolescents with diabetes benefit from warm/sensitive parenting (Berg et al., 2008; Jaser & Grey, 2010) , and from caregivers who are collaborative (Wiebe et al., 2005; Wysocki et al., 2009 ) and have good diabetes problem-solving skills (Wysocki et al., 2008) . Such positive parenting and care-giving practices are likely to be disrupted by maternal depressive symptoms (e.g., Jaser & Grey, 2010) .
In summary, we examined cross-sectional and longitudinal associations among maternal depressive symptoms, maternal involvement in diabetes, and adolescent psychosocial adjustment and diabetes management. First, we examined whether mothers' depressive symptoms were associated with different age-related patterns of instrumental involvement. We anticipated age-related decreases in maternal involvement in both cross-sectional (i.e., indicated by a negative association between age and involvement at the initial time point) and longitudinal analyses (i.e., indicated by declines in involvement across time, particularly among older adolescents). We also determined whether maternal depressive symptoms moderated these age-related declines in involvement. Second, we examined whether maternal involvement was differentially associated with adolescent adjustment as a function of maternal depressive symptoms. We anticipated that maternal involvement would be associated with positive adolescent adjustment (i.e., better adherence and metabolic control, less depression), but that this association would be weaker when mothers had more depressive symptoms.
Methods Participants
Early adolescents with type 1 diabetes (43 boys and 39 girls) and their mothers were recruited from a larger pool of 127 families who had participated in a crosssectional study of maternal involvement in adolescent diabetes. In the original study, youth were ages 10-15 years, had been diagnosed with diabetes longer than 1 year, and lived with their mothers (see Berg et al., 2007; Palmer et al., 2004; Wiebe et al., 2005) . We refer to these participants as adolescents, consistent with the view that adolescence is the age period from age 10 to 18 years (Arnett, 2000) . Mothers were recruited because they are the primary caregivers for children with chronic illness. These original families were recontacted by mail and invited to complete a follow-up survey $16 months after the original study. The final sample for the present study included the 82 mother-adolescent dyads (65% of the original sample) who returned signed informed consent/assent forms and follow-up questionnaires using postage paid return envelopes. Those who participated in the follow-up had longer illness duration than those who did not, M ¼ 5.4 vs. 
Measures

Maternal Depressive Symptoms
Mothers completed the Center of Epidemiological Studies of Depression Scale (CESD; Radloff, 1977) to assess maternal depression. This widely used scale discriminates between psychiatric and nonpatient samples, and had strong reliability in the present sample (a > .91 at Times 1 and 2). Raw scores were computed by summing across items. A score of 16 identifies elevated risk of depression; 23 mothers (28%) were above this cutoff at each time point, while 9 were above this cutoff at both time points.
Maternal Involvement
Mothers and teens individually completed the responsibility items from the Diabetes Responsibility and Conflict Scale (Rubin, Young-Hyman, & Peyrot, 1989) to measure mother's instrumental involvement in diabetes care. Participants reported who was responsible for 25 aspects of diabetes care (e.g., who determines the insulin dose), using a 1 (child does it alone) to 3 (child and mother share equally) to 5 (mother does it alone) scale. Scores were averaged across items separately for mothers and adolescents, such that higher scores indicated higher levels of maternal involvement. The scale had strong reliability in the present sample (a > .88 for mother and adolescent reports at Times 1 and 2).
Adolescent Depression
Youth completed the Children's Depression Inventory (CDI; Kovacs, 1985) , choosing one of three response choices for each of 27 items to indicate depressive symptoms experienced in the past 2 weeks (possible scores range from 0 to 54). This widely used scale has been normed on 7-to 17-year-olds (Kovacs et al., 1997) , and has high reliability (a > .87 at Times 1 and 2 in this study). Raw scores were computed by summing across items. A score of 13 or greater reflects elevated depression symptoms; 14 adolescents met this criterion at each time point, while 9 did so across both time points. Endorsement of critical items indicating suicidal thought (e.g., ''I want to kill myself'') resulted in an assessment by a licensed clinical psychologist who coordinated access to resources as needed.
Adherence
Mothers and teens individually completed the Self Care Inventory (SCI; Lewin et al., 2009 ) to measure adolescent adherence over the preceding month. Participants rated the frequency with which each of 14 diabetes management tasks (e.g., glucose testing, administering insulin) was completed using a 1 (Never did it) to 5 (Always did it, without fail) scale. Each item had a not applicable option, and scores were computed by averaging ratings across applicable items (i.e., scores ranged from 1 to 5 for mothers and for adolescents). This scale has good reliability, and correlates well with more intensive interview measures of adherence, as well as with blood glucose control (Lewin et al., 2009) . Internal consistency in the present sample was good (a > .71 for mother and adolescent reports at Times 1 and 2).
Metabolic Control
Metabolic control was obtained via glycosylated hemoglobin (HbA1c) from medical records. HbA1c is the medical standard for evaluating the quality of diabetes control, and reflects average blood glucose levels over the past 3-4 months. Higher values reflect poorer control. The first HbA1c measure recorded beyond 3 months after questionnaire completion for both Time 1 and Time 2 was analyzed to ensure that we captured diabetes control levels that had occurred after questionnaire completion. The average time between questionnaire completion and HbA1c was 5.40 (2.08) and 5.22 (2.12) months at Times 1 and 2, respectively. Time to HbA1c was uncorrelated with all study variables, p > .09.
Analysis Plan
A mean (item) replacement strategy was used when a participant was missing <25% of the data for a given measure. Regression analyses were conducted to examine whether: (a) mothers' depressive symptoms were associated with different age-related patterns of involvement; and (b) mothers' depressive symptoms moderated associations between maternal involvement and adolescent adjustment. For each aim, we initially analyzed crosssectional associations between predictor and outcome variables measured at Time 1, and then analyzed longitudinal associations between predictor variables at Time 1 and changes in the outcome variable from Times 1 to 2. Main effects were mean centered (Aiken & West, 1991) and entered on Step 1, and interactions were entered on subsequent steps. Interactions were interpreted by computing predicted means, substituting scores AE1 SD for the predictor variables into the regression equation (Aiken & West, 1991) . Demographic (i.e., gender, ethnicity, marital status, socioeconomic status) and illness variables (i.e., duration, intensity of regimen, age at diagnosis) were examined as potential covariates, but were unrelated to the outcome variables with one exception; illness duration was associated with some indices of poorer adolescent adjustment, and was therefore covaried in all Aim 2 analyses. Prior to conducting the regression analyses, distributions were examined for normality and outliers. The distributions were normal with the exception of mother [Skew (SE) ¼ 1.43 (0.27); 0.95 (0.27)], and child reports of depressive symptoms [Skew (SE) ¼ 1.54 (0.27); 1.32 (0.27)], at Times 1 and 2, respectively. However, the assumptions underlying regression were met in all cases (i.e., the residuals were normally distributed and unrelated to predicted values, and there was no significant multicollinearity). Thus, analyses based on untransformed scores are reported below. Effect sizes for each statistically significant regression term are reported using Cohen's f 2 (Cohen, 1988) .
Results
Descriptive information on study variables is reported in Table I . Correlations revealed strong associations between adolescent age and reduced maternal involvement, and indicated mothers' initial depressive symptoms were related to higher involvement in her adolescent's diabetes at both time points. In contrast, initial levels of maternal involvement were unrelated to mothers' subsequent depressive symptoms, suggesting depressive symptoms were not primarily a response to higher involvement. Correlations also revealed that mothers' depressive symptoms and her involvement in diabetes were generally unrelated to adolescent well-being when considered in the absence of other variables; a notable exception is that maternal depressive symptoms were associated with lower (i.e., better) metabolic control at Time 1.
Associations of Maternal Depressive Symptoms with Her Involvement in Diabetes Care
Cross-sectional regression analyses of measures obtained at Time 1 are displayed in the top section of Table II . Age was associated with lower levels of maternal involvement reported by both mother and teen, independently of mothers' depressive symptoms. Maternal depressive symptoms were associated with higher levels of mother-reported involvement, but were unrelated to teen-reported involvement. Thus, mothers were less involved in older versus younger adolescents' diabetes care, and mothers with more depressive symptoms reported being more involved than mothers with fewer depressive symptoms.
Results from the longitudinal analyses are displayed in the bottom section of Table II . Changes in maternal involvement were computed by subtracting Time 1 from Time 2 involvement, and then regressed upon Time 1 involvement, child age, and maternal depression (i.e., negative change scores indicate declines in involvement across time; positive change scores indicate increases in involvement across time). On average, both mothers (M ¼ À0.12, SD ¼ 0.34) and adolescents (M ¼ À0.26, SD ¼ 0.37) reported declines in maternal involvement from Times 1 to 2, but the strength of this decline differed as a function of adolescent age and maternal depressive symptoms. Older youth at Time 1 displayed larger declines in involvement across time than did younger youth. Symptoms of maternal depression moderated this association for mother-reported involvement, and exerted an additional main effect for changes in teen-reported involvement. Predicted means in Figure 1A indicate age was associated with clear declines in mother-reported involvement when mothers reported fewer depressive symptoms at baseline, but less so when mothers reported more depressive symptoms. Figure 1B displays associations for teen-reported involvement. The two main effects revealed older adolescents reported larger declines in involvement than younger adolescents, regardless of mothers' depression, and adolescents of mothers with more depressive symptoms reported higher involvement, regardless of their age. In summary, maternal depressive symptoms appeared related to higher involvement and slower declines in involvement across time.
Maternal Depressive Symptoms, Maternal Involvement, and Adolescent Adjustment
Cross-sectional Measures at Time 1 Hierarchical regression analyses were conducted to examine whether maternal involvement was differentially associated with adolescent outcomes when mothers had more versus fewer symptoms of depression. Illness duration, maternal involvement, and maternal depressive symptoms were entered on Step 1, and the maternal involvement Â maternal depression interaction was entered on Step 2. All significant main effects and interactions involving maternal depressive symptoms are reported below.
Mothers' depressive symptoms interacted with teen reports of involvement to predict adolescent depression, b ¼ .26, t (77) ¼ 2.21, p < .05, f 2 ¼ .06, but did not exert Figure 2 . In each case, maternal involvement was associated more strongly with adolescent adjustment (i.e., lower depression, lower metabolic control) when mothers reported fewer depressive symptoms. There were no main or interacting effects of maternal depressive symptoms on adherence, regardless of reporter, p > .16. Thus, maternal involvement was associated with fewer emotional and physical benefits for the adolescent when mothers experienced heightened symptoms of depression.
Longitudinal Data across Times 1 and 2
Longitudinal analyses extended these findings in two ways. First, we examined how mothers' depressive symptoms at Time 1 predicted adolescent outcomes at Time 2 (while covarying outcomes at Time 1) to limit the possibility that mothers' depressive symptoms were simple responses to her adolescent's poorer adjustment. Second, we examined whether the smaller declines in involvement evidenced by more depressed mothers had additional associations with adolescent adjustment. Regressions were conducted by entering on
Step 1 the Time 1 measures of illness duration, the relevant adolescent adjustment measure, maternal depressive symptoms, and maternal involvement, as well as the change in involvement from Times 1 to 2. Two-way interactions between maternal depressive symptoms and both involvement scores were entered at Step 2, and the three way interaction was entered at Step 3. Significant effects for maternal depression are reported below. Three-way interactions (i.e., maternal depressive symptoms Â involvement Â change in involvement) predicted adolescent reports of adherence, b ¼ .07, t (71) Figure 3 ; means for mother reports of adherence are not shown due to space limitations but revealed an identical pattern.
Results suggested maternal involvement was related to better subsequent adherence primarily when mothers reported fewer depressive symptoms. That is, among mothers with fewer depressive symptoms ( Figure 3A) , lower involvement at Time 1 and larger declines in involvement across time appeared associated with poorer subsequent adherence. These associations were weaker or nonexistent when mothers had more depressive symptoms ( Figure 3B ). Maternal depressive symptoms did not have main or interactive associations with Time 2 adolescent depression or HbA1c.
Discussion
Symptoms of maternal depression were associated with mothers being more involved in adolescents' diabetes management tasks, and with slower declines in involvement across adolescence. Such involvement is typically associated with better diabetes management outcomes (Anderson et al., 1997; Palmer et al., 2004) . In the present study, however, involvement appeared less beneficial when mothers reported more depressive symptoms. In both cross-sectional and longitudinal analyses, mothers' higher involvement in adolescent diabetes care tasks was associated with better outcomes (lower adolescent depression scores, better metabolic control) when mothers reported fewer depressive symptoms, but less so when mothers reported more depressive symptoms. Findings suggest mothers' emotional well-being should be considered when promoting her involvement in adolescent diabetes management tasks. Goodman and Gotlib (1999) argued that the mechanisms by which maternal depression confers risk reflect children's current developmental tasks. Consistent with this idea, associations between maternal depressive symptoms and adolescent-diabetes management appeared to reflect the adolescent's assumption of independence in diabetes management. Mothers with higher depressive symptoms reported taking more responsibility for diabetes management at baseline, and both these mothers and their teens reported smaller declines in involvement over the subsequent 16 months. These longitudinal associations are important because they suggest that the direction of effects occurred from maternal depressive symptoms to involvement. That is, symptoms of maternal depression at Time 1 predicted subsequent levels of involvement, but maternal involvement at Time 1 was unrelated to subsequent depressive symptoms. The findings suggest that the process by which families renegotiate diabetes responsibilities during adolescence differs when mothers are more depressed.
Associations between mothers' depressive symptoms and adolescent outcomes were complex and not completely anticipated. We were surprised, for example, to find no direct association between maternal depression and poorer adolescent adjustment. Nevertheless, maternal depressive symptoms did moderate associations between maternal involvement and adolescent outcomes, suggesting that depressive symptoms limited mothers' ability to be an effective partner in managing diabetes. For example, maternal depressive symptoms were associated concurrently with better metabolic control (i.e., lower HbA1c), but statistical interactions suggested adolescents of more depressed mothers did not experience the metabolic benefits of heightened involvement that was evident among those of less depressed mothers. Unmeasured contextual factors that are more likely when mothers are depressed may have influenced these findings (e.g., other caregivers may step in when mothers experience depressive symptoms).
It is important to distinguish whether maternal involvement conferred risk or was simply less beneficial when mothers had more depressive symptoms, because such patterns have different treatment implications. If the involvement of more depressed mothers confers risk, one would expect it to be negatively associated with teen well-being. This could occur if her involvement exposes her adolescent to maladaptive cognitions and behaviors, or increases conflict in parent-teen interactions (Downey & Coyne, 1990; Webster-Stratton & Hammond, 1988) . Interventions in this case may focus not only on treating mothers' depressive symptoms, but also on altering how adolescents and mothers interact to manage diabetes. If the involvement is primarily conferring fewer benefits, one would expect a positive association between involvement and well-being among teens with less depressed mothers, and a weaker association among teens with more depressed mothers. This could occur if depressive symptoms undermine mothers' collaborative care-giving or diabetes problem-solving skills. Interventions in this case might focus on enhancing parenting and diabetesmanagement skills in the more depressed mother, or on skill-development in the teen. Our findings appear consistent with depressed mothers' involvement conferring fewer benefits, but research to clarify these findings is needed.
The pattern of longitudinal associations between maternal depressive symptoms and different aspects of adolescent adjustment may reveal how the effects of maternal depressive symptoms unfold across development. Symptoms of maternal depression were associated concurrently with metabolic control and adolescent depression, but showed longitudinal associations only with adherence. The concurrent associations with adolescent depression may further contribute to these longitudinal patterns, given that heightened symptoms of depression mediate age-related declines in adherence during adolescence . Mothers who were more depressed may have had difficulty facilitating adolescents' self-management skills, and such deficits may accumulate over time, becoming increasingly evident as the teen matures. Longitudinal examination of these short and long cycles of influence between maternal depressive symptoms and adolescent adjustment may identify the best approaches for intervening to promote maternal and adolescent adjustment.
There are limitations to the study that need to be considered in future research. First, although a strength of the study is that variables were examined across two points in time, data were nonetheless correlational. Unmeasured variables (e.g., marital conflict) may have simultaneously been associated with heightened maternal depression and involvement in diabetes care, and poorer adolescent adjustment. Second, we focused only on mothers' involvement and depressive symptoms, but recent findings suggest fathers' involvement in diabetes care (Berg et al., 2008; Wysocki & Gavin, 2006) and depressive symptoms may be uniquely important for adolescent well-being (Reeb & Conger, 2009 ). Third, mothers' depressive symptoms were relatively mild and based on a self-report measure that reflects distress factors beyond just general depression (Watson, 2009) . Different findings may have occurred if mothers with clinically diagnosed depression had been examined, or if measures that clearly differentiate distress symptoms (e.g., depression from anxiety) had been utilized. Fourth, we have suggested that maladaptive parenting contributed to the findings that involvement was more weakly associated with adolescent adjustment when mothers were more depressed, but we did not measure parenting practices. We also measured only instrumental aspects of maternal involvement. Different relationships may have been found if other aspects of involvement in diabetes care had been measured (e.g., parent-adolescent relationship quality, parental monitoring; Eckshtain et al., 2010; Palmer et al., in press ). Finally, results may not generalize beyond the small and fairly homogeneous sample that was studied, especially given evidence that different processes may be involved in explaining maternal depression associations with child adjustment across racial ethnic groups (Pachter, Auinger, Palmer, & Weitzman, 2006) .
Depressive symptoms appeared to undermine mothers' ability to be effective partners in managing diabetes during adolescence. Although mothers with more depressive symptoms were more instrumentally involved in their adolescent's diabetes management tasks, such involvement was relatively ineffective. Future research is necessary to replicate these findings and to understand the processes by which they occur. If supported by future research, clinicians may facilitate adolescent diabetes management by monitoring and treating parental depressive symptoms, promoting more effective diabetes management and parenting skills in the affected parent, facilitating the teen's own diabetes management skills, and identifying additional caregivers who may support the developing teen's diabetes management.
